INTRODUCTION {#sec1-1}
============

Shoulder surgeries are commonly associated with moderate to severe degree of pain both intraoperative and postoperative which is comparable to the pain in some other major surgeries such as abdominal gastrectomy and thoracotomy necessitating a good control of pain and stress response.\[[@ref1]\] Many techniques and procedures have been used successfully to minimize that stress response including: interscalene brachial plexus block (IBPB) both single injection as well as continuous infusion, local anesthetic infiltration, narcotic-based general anesthesia, suprascapular nerve block, and intra-articular injection of analgesics, however, it still remains a challenge that require more intense time and work of anesthesiologists to achieve a better patient care specially for elderly, cardiac or pulmonary compromised patients.\[[@ref2]\] Adequate and efficient control of surgical pain in shoulder surgery is not only important for the patient\'s well-being but also facilitates a smooth stress-less recovery. IBPB is a widely spread technique to provide anesthesia and analgesia for shoulder surgery, but it is associated with a relatively high incidence of postoperative neurological symptoms that may reach up to 16%, the etiology of which is unclear. However, the use of ultrasound guidance minimized the incidence of such effects.\[[@ref3]\]

In the past few years, the ultrasound guided techniques became widely spread and commonly used for regional anesthesia facilitating the onset time and simplifying regional blocks.\[[@ref4]\] Besides, other advantages of ultrasound guidance in regional anesthesia include: Fast performance of blocks, lower dose of local anesthetic, longer duration, less incidence of complications, e.g., arterial puncture, as well as a higher success rates.\[[@ref5][@ref6]\] Moreover, the better recovery with lower incidence of postoperative nausea and vomiting leads to a shorter hospital stay, resulting in a better cost effectiveness as well as patient satisfaction.\[[@ref7]\] Furthermore, the progressive technical development of the ultrasonography devices as well as the high frequency and high-resolution transducers made it possible to see the small nerves and structures, and such devices made it even feasible to perform selective peripheral nerve or root blocks successfully.\[[@ref8]\]

As a result of blocking the afferent impulses from the surgical site, decrease of the endocrinal stress response to the surgical procedure is observed. Furthermore, this decrease of such stress response is considered as an important indicator of a successful regional block. Normally, there is a circadian rhythm for stress hormones, the common of which is cortisol, with a gradual increase after night sleep to reach a peak at early morning wake up time, followed by a gradual decrease as the day goes by.\[[@ref9]\] However, this rhythm may be interrupted by any stressful condition such as acute pain associated with surgery, which was proved to be accompanied by a progressive rise in cortisol level intraoperatively as well as in the early postoperative period.\[[@ref9]\]

The objective of the present randomized, controlled study is to compare the ultrasound guidance with nerve stimulation for IBPB regarding the effect on stress response in patients undergoing shoulder surgery.

PATIENTS AND METHODS {#sec1-2}
====================

After obtaining approval from the Clinical Research Ethics Committee of Erfan and Bagedo General hospital and obtaining informed consent. 50 patients, American Society of Anesthesiologists physical status I, II, and III, aged 18-60 years undergoing shoulder surgery were enrolled in the current study. The patients were randomly divided, using concealed envelope method, into two equal groups: Group U patients (*n* = 25) received ultrasound guided IBPB and Group N patients (*n* = 25) received IBPB using nerve locator. Inclusion criteria were as follows: age \>18-year-old; ability to consent; and ability to understand and communicate, absence of the language barrier. Exclusion criteria were cardiovascular, hepatic or renal dysfunction, neuromuscular diseases, any coagulation defects or anticoagulant therapy, opioid or analgesic abuse, and history of chronic pain syndrome or brachial plexus injury.

All patients were premedicated with 5 mg midazolam I.M. and 4 mg ondansetron I.V. 30 min before shifting to OR. After admission to OR, the standard monitors including noninvasive arterial blood pressure, electrocardiography and pulse oximetry were applied. 500 ml of intravenous Lactated Ringer\'s solution was started. Patients were placed in a supine position with their faces directed to the contra-lateral side of surgery, and open facemasks of oxygen at 5 L/min were applied. Patient\'s neck was sterilized using iodine solution and sterile drapes were applied. In Group U, IBPB was done under ultrasound guidance as described by Liu *et al*.,\[[@ref10]\] using the linear 13-6 MHz transducer of the SonoSite M-Turbo ultrasonic device (SonoSite™, Inc., Bothell, WA 98021, USA). With the probe parallel to the clavicle and the sonographic beam directed to the first rib, the subclavian artery was identified as an easy landmark with the brachial plexus divisions around it. From such position, the brachial plexus nerves were followed in a cephalic direction till the scalene muscles were visualized surrounding the trunks of the brachial plexus in the interscalene groove under sternocleidomastoid muscle \[[Figure 1](#F1){ref-type="fig"}\]. Local anesthesia infiltration was given by 1 ml lidocaine 2% in the needle insertion site. A 50 mm 22-gauge insulated needle (Stimuplex^®^ insulated B Braun Medical Germany) was introduced from lateral to medial parallel to the interscalene groove in an in-plane technique such that the entire needle was visualized. Once the needle tip was seen close to the plexus trunks 10 ml lidocaine 1% and 10 ml bupivacaine 0.25% was injected in divided doses with frequent aspiration and the local anesthetic spread was visualized with the ultrasound. If the resistance to injection was encountered, or intraneural injection was suspected the needle tip was repositioned under ultrasound guidance and local anesthetic was then injected. After block placement, the patient was placed in a sitting position for surgery, sensory block was assessed using ice pack with a scale of 2 (normal sensation), 1 (dysesthesia), and 0 (numbness), and motor block was assessed by evaluation of deltoid muscle function (deltoid abduction sign) such that 2 (normal movement), 1 (weak movement), and 0 (no movement). This assessment was repeated every 5 min and surgery was started only when the scale was 0.

![The scalene muscles (anterior and medius) surrounding trunks of the brachial plexus in the interscalene groove under sternocleidomastoid muscle](SJA-9-359-g001){#F1}

In Group N, in the same position, insertion point was localized as the point of intersection of horizontal line drawn at the level of the cricoids cartilage laterally with a line 0.5 cm lateral and parallel to the lateral border of the sternocleidomastoid muscle. Superficial local anesthesia was done at this point using 1 ml lidocaine 2%. A 50 mm 22-gauge insulated needle was introduced (Echoplex^®^ insulated echogenic needle with electro-neuro-stimulation port, Vygon, France) in a medial, posterior and slightly caudal direction. The needle was connected to the nerve locator (Fisher and Paykel Healthcare Ltd., Auckland, New Zealand) which was set at 0.8 mA at 2 Hz, once a motor response (deltoid muscle contraction) was elicited the current was reduced gradually with maintaining the best motor response possible till 0.3 mA was reached. Same type and dose of local anesthetic was injected in divided doses with frequent aspiration. In both groups, venous blood samples to measure cortisol level as a primary outcome were collected before surgery as a baseline, then after the application of the IBPB before skin incision as well as after skin incision. By the end of surgery, samples were taken immediately after surgery and at 3, 6, 12, 24 h postoperatively. The time to complete block placement in both groups (from needle insertion till final needle withdrawal), incidence of complications namely phrenic nerve block, as well as hemodynamic parameters namely, heart rate (HR), and mean arterial blood pressure (MAP) were assessed as a secondary outcome at the same time intervals as the blood samples.

Data were analyzed using computer statistical software system SPSS version 12.0 (SPSS Inc., Chicago, IL, USA). Descriptive data are expressed as mean (±standard deviation), statistical analysis was done using two-way analysis of variance, and paired or unpaired Student\'s *t*-test were used to compare data between the groups or within a group whenever appropriate. The power analysis was performed on the basis of the cortisol level as the primary outcome and indicated a sample size of 24 subjects per group, with an α error \<0.05 and beta error 0.6 and power of 80%. Sample size calculation was done by PASS software program (Power Analysis and Sample Size calculation) by NCSS, LLC, USA. *P* \< 0.05 were considered statistically significant.

RESULTS {#sec1-3}
=======

The current study showed no significant difference in demographic data including age, sex, height, and body weight between patients of Group U and Group N as shown in patient data and flow chart \[[Table 1](#T1){ref-type="table"} and [Figure 3](#F3){ref-type="fig"}\]. Moreover, the duration of surgery, which was all done by the same surgeon, was not significantly different among both groups as indicated in [Table 1](#T1){ref-type="table"}. No significant difference was detected between the two groups as regards the various surgical procedures. One patient in Group U had failed block and was excluded from the study.

###### 

Demographic and operative data

![](SJA-9-359-g002)

No significant difference was detected regarding time of block completion between Group U (8 ± 2.1 min) and Group N (9 ± 1.8 min). Only one patient (4%) in Group U developed phrenic nerve block which was significantly lower than Group N that showed five patients (20%). Hemodynamic parameters HR and MAP in the current study showed significant difference in the values measured immediately after application of IBPB whether before or after skin incision, being significantly lower in Group U, and this significant difference was also seen at postoperative, 3 h and 6 h assessment. Whereas, no significant difference was detected between the two groups as regards the baseline (control), 12 h as well as 24 h values as demonstrated in \[[Table 2](#T2){ref-type="table"}\].

###### 

Hemodynamic parameters (secondary outcome)

![](SJA-9-359-g003)

Regarding the stress response as indicated by the cortisol level in blood, no significant difference was detected in the preoperative blood level between Group U (173 ± 21 ng/ml) and Group N (169 ± 18 ng/ml), as well as level after block placement before skin incision which was (169 ± 17 ng/ml) for Group U compared to (172 ± 19 ng/ml) for Group N. Indicating a comparable stress response in both groups during the application of IBPB.

Significant difference was detected between the blood levels of cortisol in the subsequent samples which was taken immediately after skin incision, after surgery, at 3, 6, and 12 h postoperatively as demonstrated in \[[Figure 2](#F2){ref-type="fig"}\] where the cortisol level was significantly higher in Group N than Group U suggesting a lower stress response in Group U during surgery and in the first postoperative day. However, the cortisol level in Group N decreased to show no significant difference from Group U at 24 h postoperative sample \[[Figure 2](#F2){ref-type="fig"}\].

![The plasma cortisol level in ng/ml (primary outcome) expressed in mean ± standard deviation. (\*) indicates a significant difference](SJA-9-359-g004){#F2}

![The patient selection, allocation, and analysis flow chart (Consort 2010)](SJA-9-359-g005){#F3}

DISCUSSION {#sec1-4}
==========

In the present prospective randomized controlled study, the results demonstrated that the use of ultrasound guidance for IBPB can significantly reduce the stress response, hence, the cortisol level, both intraoperatively and postoperatively rather than nerve stimulation with a low failure rate. Besides the hemodynamic parameters, HR and MAP also showed a significant reduction intraoperatively as well as early postoperatively indicating a suppressed stress response to surgery. The ultrasonographic guidance facilitated the exact injection of the local anesthetic between the scalene muscles undercover the sternocleidomastoid decreasing the incidence of complications as phrenic nerve block and adding to the safety as well as the success of the block, resulting in a superior control of the stress response in patients of the present study with no difference in the time of completion of the block. Although no significant difference was detected after application of the block till the start of surgical skin incision, yet intraoperatively there was a significantly lower cortisol level, HR, and MAP with the ultrasound guided IBPB which was maintained in the first postoperative day. Such results, in addition to the lower incidence of phrenic nerve block, made the block under ultrasound guidance of value in compromised patients, as cardiac and chronic obstructive pulmonary disease (COPD) patients, as a result of its success in blunting the stress response and stress hormones release, hence all its deleterious effect.

Interscalene brachial plexus block is described as technique where local anesthetic is injected in the groove between scalenus anterior and scalenus medius muscles undercover of sternocleidomastoid muscle where the trunks of the brachial plexus are available, with recent trials to refine it to avoid phrenic nerve palsy.\[[@ref11]\] This block is accused of high failure rate as well as prolonged application time; however, the use of ultrasound guidance minimized such disadvantages as a result of direct visualization of the brachial plexus trunks as well as the needle advancement and local anesthetic spread during injection, thus shortening application time with a higher success rate, improving safety. It also leads to lowering incidence of complications including phrenic nerve block, intraneural, intrathecal or intravenous injection of local anesthetic, and arterial injury, besides the use of a lower volume of local anesthetic that help avoiding toxicity.\[[@ref12][@ref13]\] All of which is consistent with the current study. Whereas, other studies suggested that other block techniques may commonly be associated with intraneural injection.\[[@ref14]\] Circadian rhythm of steroid hormones secretion, namely cortisol, has been described and such rhythm is affected and disturbed by acute surgical pain, where a progressive rise in cortisol level was described in the early six postoperative hours, however, such effect was blunted by the block application.\[[@ref15]\]

Supporting the result of the present study was Liu *et al*.\[[@ref16]\] who studied the use of ultrasound guidance in the ambulatory shoulder surgery and concluded that the use of ultrasound to guide interscalene or supraclavicular blocks was very effective and minimized the incidence of complications. Furthermore, in the study done by El-Dawlatly *et al*.\[[@ref17]\] they found out that the ultrasound guidance facilitated the exact injection of the local anesthetic in place leading to a better quality of analgesia compared to standard general anesthesia. Consistent with the current study, are results demonstrated by Thomas *et al*.\[[@ref18]\] who compared ultrasound guided IBPB to nerve stimulation in residency training programs and concluded that it was associated with shorter procedure time and lower incidence of postoperative neurological complications. On the contrary, Liu *et al*.\[[@ref10]\] compared ultrasound guidance with nerve stimulation in IBPB and concluded that ultrasound does not add superior results over the nerve stimulation. However, McNaught *et al*.\[[@ref19]\] discussed the difference between the ultrasound-guided and nerve stimulation IBPB and summarized that the ultrasound decreased the number of needle passes indicating easier technique. Danelli *et al*.\[[@ref20]\] compared ultrasound to neurostimulation IBPB and concluded that the ultrasound facilitated a shorter procedure time with less incidence of complications and fewer needle puncture.

In conclusion, the present study demonstrated that the use of ultrasound guidance for IBPB in shoulder surgery offered a significant suppression of the stress response as indicated by the low cortisol level, and better hemodynamic parameters both intraoperative and postoperative compared to nerve stimulation with less complications and easier technique suggesting its safety in cardiac or pulmonary compromised patients. However, further studies are required to assess effect on other stress hormones, optimal local anesthetic volume, as well as a longer postoperative follow-up period than 24 h, in addition to evaluate the effect of ultrasound guidance in other regional blocks with other surgical procedures.
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